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The  action  of  chloroform  in  preventing  or  delaying  putrefaction 
was  shown  by  several  investigators  rather  more  than  twenty  years 
ago.  3¢[iintz*  seems to have  been the  first to point  out that  the  use 
of chloroform water or the addition of chloroform to a liquid destroys 
living ferments  (or a fermentation  dependent upon life),  but does not 
injure  the  ferments  or  enzymes  themselves.  This  important  bacter- 
icidal  power  attracted  but  little  attention  at  the  time,  although  it 
aroused  a  certain  amount  of  opposition,  which  seems to  have  come 
largely from  those  interested  in  the  more  purely  surgical  aspects  of 
the propositions advanced by Miintz.  Whatever the reason may have 
been, but little practical  use was made of the discovery for a  number 
of years.  In  1888 attention was again directed to the great value of 
chloroform  water  as  a  preservative  liquid  in  which  micro-organisms 
live with difficulty or not at all,  while the ferments are not materially 
affected by it.  The re~dval of interest  in  this  useful addition  to  our 
methods is due to E.  Salkowski.'~ 
It seemed to  us  desirable  to  employ chloroform  water  for making 
extracts of the salivary glands in the hope of determining qualitatively 
the  presence  of the  amy]olytic ferment  (ptyalin)  and  perhaps  of  its 
forerunner  (ptyalinogen)  in  the  gland  as  distinguished  from  the 
saliva.$  We  have  accordingly  extracted  many  glands  of  different 
* Miintz,  Sur  les  ferments  chimiques  et  physiologiques.  Comptes  renders 
de  l'acad,  des  sciences,  lxxx  (1875),  1250. 
~Salkowski,  Ueber  die  antiseptische  Wirkung  des  Chloroformwassers. 
Deutsche  meal. Wovhen~chr.,  1888.  Also  incidentally in  his  article,  Ueber  das 
eiweisslSsende  Ferment  der  Fiiulnissbakterien  nnd  seine  Einwirkung  auf 
Fibrin.  Zeitschr.  ~. Biol.,  xxv, 92. 
While the existence of a  zymogen in the salivary glands  or in the saliva 
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animals  in  this  way  and  have  tested  the  action  of  such  extracts  on 
starch  paste.  When  an  extract  was  found  to  have  no  amylolytic 
power it was treated with  acetic acid for a  time and the  action  of this 
acidulated  extract  was  tested  after  neutralization.  The  substance 
already  submitted  to  extraction  was  also treated  with  dilute  acid  and 
this  acid  extract  was  examined  as  to  its  action  on  starch.  As  the 
experiments  aimed  at  purely  qualitative  results,  only Trommer's test 
was  applied,  and  this  was  found  to  be  sufficiently  sensitive  for  o11r 
purpose.  It  was  of  course  necessary  to  remove  the  chloroform  to 
avoid  its  action  as  a  reducing  substance.  This  was  done  by  boiling 
the  mixtures  for  some  time  in  the  water-bath.  Theoretically  the 
chloroform  ought  to  be  easily  removed  by  this  procedure.  Practic- 
ally,  however,  the  result  is  not  by any means  as  certain  as  would  be 
expected.  In many cases the  chloroform seems to be held back with 
great  tenacity  by  some  substance  in  the  extract,  so  that  quite  pro- 
longed boiling is required  to get rid  of it completely.  As there is no 
simple  test  for  the  presence  of  very small  quantities  of  chloroform, 
control tubes in which  the  ferment had  been destroyed  were  of great 
importance and were always employed in addition to the ordinary con- 
trols of plain starch paste.  Even with these precautions we should be 
inclined  to  distrust  some  of  our  results  if  we  had  not  made  extracts 
with sodium fluoride  (1 per cent)  and found them also amylolytical]y 
active.  As no suspicion can be entertained that such fluoride extracts 
would  of themselves give a  reduction  with  Trommer's test,  as  chloro- 
form water readily does, this method proves to be of great importance. 
For  acidulation  we  have  made  use  of  acetic  acid,  and  commonly 
added  it so that  the mixture should have  ar~ acidity of about one per 
the subject.  Griitzner in 1876 (vide Pfl/iger's Archiv, xii, 306) had made state- 
ments in reference to the parotid gland of the rabbit clearly suggesting the 
existence  of  ptyalinogen  in  that  organ.  More  recently,  in  1886, H.  Gold- 
schmidt  (Zur Frage: Ist im Parotidenspeichel  ein Ferment vorgebildet oder 
nieht?  Zeitschr. f. physiol. Chemic, x, 273) has shown that saliva coming from 
the  parotid  of  the  horse  may be  altogether  inactive  when  collected  with 
certain  antiseptic  precautions,  and yet become active after exposure to the 
atmosphere.  There are  also  experiments,  notably  those  of Chittenden  and 
his  pupils,  with  reference  to  the  influence  of  various  substances  on  the 
amylolytic action of saliva which  permit the inference that a zymogen may 
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cent.  This  acid was  chosen  with  the  expectation  that  its  action  on 
the ptyalin would be less injurious  than  that  of the mineral  acids,  it 
being  well  known  that  a  very  low  percentage  of  hydrochloric  acid 
rapidly stops the action of the ferment and destroys it.  We hate not 
examined the availability of other organic acids for this purpose.  Our 
earlier  experiments  with  acetic  acid  led  us  to  the  conclusion  that 
extracts and gland substance may be acidulated in this way and kept 
at  40 ° C.  for ten  minutes without  danger;  while  a  longer  exposure, 
even one for only twenty minutes, will probably injure or destroy the 
ferment.  This  rule was not without  exceptions,  but seemed definite 
enough to enable us to lay out a plan of work.  We therefore decided 
upon one per cent as the limit for acidification and ten minutes as the 
time  of exposure;  the  mixtures  were  then  neutralized,  added  to  the 
starch paste and placed in the water-bath.  The starch paste was pre- 
pared each day by boiling one gramme of starch in one hundred cubic 
centimetres of water.  In some few experiments a weaker acidulation 
(½  per  cent)  was  employed,  but  no  systematic  study with  reference 
to this point was made.  On going over all our notes more carefully, 
after completing  the  research,  it has  become evident that  acetic acid 
in the dilution  employed by us is  much  less innocuous  than  we had 
supposed.  We have a very considerable number  of incidental  obser- 
vations which show very conclusively that even one per cent of acetic 
acid  acting  for  only ten  minutes  may render  an  active  extract  abso- 
lutely inactive, and the feeble extracts seem to be particularly sensitive. 
Were we to  take up  this  work again  for the  purpose of quantitative 
experimentation,  as  we  hope  to  be  able  to  do,  we should  certainly 
employ a much lower percentage of acid. 
2Yfany of the glands studied came from animals killed by chloroform 
in  the  laboratory.  In  a  number  of cases (sheep,  pig,  ox)  the  heads 
were  brought  from  the  slaughter-house.  Where  the  material  per- 
mitted it, the parotid glands were kept distinct from the submaxillaries, 
and in some large animals we were able to make a still more extensive 
division  of the,glands.  As  noted  above,  many  extracts  were  made 
with  chloroform  water,  but not  a  few were made  also with  sodium 
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tions with chloroform to those Mth the fluoride is about five to three. 
In  a  small  number  of  eases  (fourteen in  all,  ten  of them  being  in 
sheep)  we  preserved  the material  in  alcohol  and  then made  our  ex- 
tracts at a more convenient time. 
The duration of extraction varied a good deal and we were not able 
to follow an  v fixed rule.  Usually the first extract was filtered off after 
about  forty-eight hours,  and  a  second  extract  made  to  preserve  the 
gland substance while the first extraet was tested.  The extracts were 
prepared  in  this  way  and  tested  until  a  negative result  showed  the 
gland substance to be exhausted of its active ferment.  The negative 
extract and also the gland substance were then examined by acidula- 
tion for the presence of the forerunner of the  ferment, ptvalinogen. 
The method was altogether qualitative and has all the unsatisfaetori- 
ness  and  ineompleteness  of  such  an  analysis.  We  were  full  v  eog- 
nizant of the objections which mav be urged, but we  were unable at 
the time to earry out the investigation quantitatively. 
The results may be summarilv presented in a brief aceount of them 
for each group of animals studied. 
I.  Dog.  All  the  glands  of  one  of  the  animals  were  extracted 
together with chloroform water.  The different glands of the remain- 
ing eight sets were kept apart, that is, the paroVids were separated from 
the  submaxillaries.  In three  of the  eight  chloroform  extracts  were 
made, while in another series  of three, one of each pair of glands was 
put into ehloroform water and the other into the fluoride solution; the 
remaining two sets of glands were extracted with distilled water.  In 
this  way it was  shown that  while  there  may be slight differenees in 
a pair of glands, they are usually alike as to containing an amylolytic 
ferment or  none.  The division of the  glands also permitted  a  com- 
parison of the aetion of the chloroform with that of the fluoride and 
showed  that  the  method  employed to  remove  the  former was  trust- 
worthy. 
In  two  of the  dogs  examined no  active ferment was found in  ex- 
tracts of the parotids or the submaxillaries.  These extracts eontaine,! 
no zvmogen, but the substance of one pair of parotids and also of the 
corresponding  snbmaxillaries  gave  a  very  active  extract  after  weat- 
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Six  other  parotids  and  five submaxillaries  contained  the  fe~'ment, 
and an active extract was also obtained from the mixed glands already 
mentioned.  So far as a purely qualitative analysis permits us to judge, 
the submaxillary of the dog usually yielded a decidedly weaker extract. 
In one set of parotid glands  (in chloroform and also in fluoride) acidi- 
fication  produced  an  active  ferment  in  the  extracts  which  were pre- 
viously negative,  because the  ptyalin  had  been  removed  in  the  first 
extraction,  but had  no action on the extracts  of the submaxillaries  of 
the  same  dog.  The  exhausted  gland  substance  (parotid)  in  this  ex- 
periment also contained a small amount of the zymogen. 
The  water  extracts  call  for  a  word  of  comment.  One  set  has 
already been mentioned among the negative first extracts; the remain- 
ing  parotid  contained  an  active  ferment,  while  the  results  with  the 
submaxillary were altogether  negative.  All these  water  extracts,  as 
well as a second set of water extracts of the glands, became malodorous 
on account of putrefaction,  and,  in consequence of this,  one negative 
extract  of  a  submaxillary  became  active.  As  the  other  extracts 
remained  inactive,  we  may  assume  that  the  extract  in  question 
became active because putrefaction transformed an inactive zymogen, 
and not because amylolytic micro-organisms  developed in it.  In the 
fluoride extracts of one of the dogs a  similar change was noticed,  the 
extracts of both the parotid and submaxillary glands becoming potent 
after standing for some days, although not distinctly ill-smelling.  It 
is therefore apparently  just to  conclude  that  putrefaction  sometimes, 
although  not  always,  transforms  an  inactive  material  in  a  salivary 
~gland into an active form. 
Cat.  Extracts were made with the salivary glands of eight animals. 
In two cases no separation  of the glands  occurred.  From one set of 
these an active extract was obtained by using chloroform water.  From 
the  other  set,  which  had  been  atropinized,  negative  results  were 
obtained both in the  original  extracts and  after treatment  with dilute 
acid, 
The  glands  of the  other six eats were kept separated.  Of the  six 
pairs of parotids, four gave up a  small amount of ferment to fluoride 
or chloroform, and in two pairs further treatment of the extracts with 
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acetic  acid  increased  the  activity  or,  in  one  of  them,  rendered  an 
inactive  extract  active.  It  is  also  of interest  to  note  that  the  best 
results  were  obtained  with  fluoride  extracts.  The  infusions  of  the 
submaxillary  glands  contained  a  minimal  amount  of  the  amylolytic 
ferment  in  two  instances,  but  distinctly  less  than  was  found  in  the 
corresponding parodds.  In one submaxillary extract a  small amount 
of ptyalinogen was demonstrable.  The acidification of the gland sub- 
stance resulted negatively in four animals,  but was effective in two. 
Several kittens,  two to three months  old, were also examined.  In 
one  set  of mixed glands,  atropinized,  a  trace  of ferment  was found; 
and this was not increased by treatment  with acid.  The  other set of 
glands  was  altogether  negative.  Another  pair  of  kittens  also  gave 
totally negative results  for  extractions  with  fluoride after  the  glands 
had been kept in alcohol (95 per cent) for about seven months.  This 
may have been due to the action of the alcohol, for we have a  certain 
amount  of  evidence  that  this  form  of  preservation  tends  to  destroy 
the  amylolytic  ferment  or  in  some  peculiar  way to  render  it  inert. 
We had  an experience of this kind with one of the  cats whose glands 
gave active extracts  with  fluoride, but quite  negative  ones where  the 
corresponding glands had been kept in alcohol for thirty days. 
Pig.  The  glands  of two  animals  were placed  in  sodium fluoride, 
chloroform,  or  alcohol.  The  parotids  were  all  exceedingly  rich  in 
ptyalin, but the amount seemed to vary somewhat in the two animals 
and even in the two glands of the same pig.  One of the active fluoride 
extracts came from a gland which had been in  strong  alcohol for ten 
days.  In  this  case,  at  least,  alcohol had  not  destroyed the ferment, 
although  it  may have  weakened  it.  The  submaxillaries  gave  feeble 
infusions, the amylo]ytic action being in each ease very much weaker 
than that of the corresponding parotids.  Treatment  of the later inac- 
tive extracts,  as well as of the gland substance, with dilute acid in the 
usual way led only to negative results. 
Opossum.  We had  an  opportunity  to extract  the  glands  of four 
animals.  One was killed in December, the  remaining  three in May, 
at  a  time  when  hibernation  seemed  to  be  fully  ended.  In  no 
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fluoride or chloroform water;  in fact only the December observations 
gave us any positive results at all, and here the action was exceedingly 
feeble, being distinct in the case of one parotid  extract after eighteen 
hours.  :No evidence of a zymogen was obtained. 
Rats and mice.  A  limited number of experiments were made with 
the  glands  of two rats  and  of several mice,  those  of the latter being 
treated together as from one animal.  Both the parotids and submax- 
illaries  ga~e  extracts  of very notable amylolytic power and proved to 
be unusually  tenacious  of the  ferment,  so that successive extractions 
lasting even five, twenty-one and twenty-four days respectively did not 
completely  exhaust  the  glands.  No  evidence  of  a  zymogen  was 
obtained. 
Rabbits.  The  glands  from  thirty-two  animals  were  examined  in 
various ways.  In many instances  death was caused by a  quick blow 
on the occiput, in order to avoid any stimulation  of the salivary secre- 
tion arising from the use of an  ansesthetic.  The  extracts  were made 
in part with chloroform water  and  in part with sodium fluoride.  In 
six  cases the glands  were first placed in strong  alcohol  (95  per cent) 
and then treated with sodium ~tuoride  or, in one instance, with chloro- 
form water. 
The extracts made from fresh parotids or from mixed glands all con- 
tained  the  amylolytic  ferment,  except  in  one  group  of  very  young 
rabbits, five days old, whose glands gave quite inactive, extracts.  The 
infusions  of  the  submaxillary  glands  alone  were  much  less  potent, 
nearly one-third  of them yielding no ptyalin.  :No distinct difference 
was noticed between chloroform and fluoride as an extracting medium. 
In eleven cases atropinization did not seem to affect the results. 
The submaxillary of the rabbit is also much more easily exhausted, 
and  generally  a  second  extraction  for one  day was  sufficient after  a 
first  extraction  of one or  two  days.  The  parotid  is  decidedly more 
tenacious of the ferment or richer therein;  even after two extractions 
for twenty-four to forty-eight hours  a  third  extract  was found to be 
active. 
The glands which had been in alcohol for five to eight months  con- 
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the extracts, and this effect of the alcohol was much more pronounced 
in  the  submaxillaries.  On  the  other hand  the  action  of alcohol for 
five days did not materially affect the extracts. 
The  existence  of ptyalinogen  was  tested  in  many  of  the  extracts 
which had been found to be inactive and also in the substance of the 
glands  from  which  such  extracts  had  been  made.  Treatment  with 
acetic  acid increased  the activity of the extract  of one  parotid  gland 
and  we have  six  positive results  with  otherwise  inactive  extracts  of 
submaxillaries.  The  examination  of the  substance  of  the  exhausted 
glands proved to be much more interesting, and ptyalinogen was found 
in sixteen cases, of which nine were submaxillaries  and four parotids, 
while three were mixed glands. 
Ox.  Here  our experience  is  somewhat limited,  being  confined  to 
an examination  of the glands  of one ox and  of a  calf.  The  extracts 
were made with chloroform water and also with sodium ~uoride.  One 
submaxillary of the ox contained a small amount of an active ferment, 
while in the other only a trace was found.  ~one of the glands from 
the ox gave evidence of the presence of ptyalinogen after extraction. 
One plain extract, however, became decidedly more active after being 
kept at 40 ° C. for five hours.  The glands of the calf yielded no active 
ferment, but evidence of the zymogen was found in one parotid after 
treating the substance with acetic acid in the usual manner. 
Sheep.  Our observations were made  on a  considerable number  of 
sheep, the glands of seventeen being used for various purposes.  Seven 
sets of glands were placed at once in  alcohol and thus no simple first 
extracts  were  made  from  them.  In  the  ten  sets  of  plain  extracts 
which were studied,  an active amylolytic ferment was found for only 
one  sheep,  and  then  the  ptyalin  was  present  in  exceedingly  small 
amounts, the reaction being noted as merely a "trace" for the fluoride 
extracts.  After  treating  such  material  with  acid  an  active  ferment 
was found  to  have been formed in  the  extracts  of two submaxillary 
glands.  The substance of the glands of the same group, after infusion 
with  acetic  acid,  gave  positive  results  for  two  parotids  and  for  two 
submaxillaries,  one of each coming from the same sheep. 
The  alcohol  material  was  of necessitff preserved somewhat  irregu- Caroline  W.  Latimer and  J.  W.  Warren  473 
larly; two sets of glands were in alcohol for five months, the others for 
periods varying from four to twenty-eight days.  The  extracts were 
prepared partly with chloroform and partly with sodium fluoride; the 
single glands of three pairs were extracted with both liquids.  ~qone 
of these extracts after alcohol showed any trace of the active ferment. 
A  small amount of the zymogen was found, however, in the extracts 
of two pairs of glands (parotid and submaxillary) which had been in 
alcohol only a little over twenty days.  In the substance of two sub- 
maxillaries, after exposure to alcohol for four and twenty days respec- 
tively, the ptyalinogen was also clearly demonstrable.  We have, then, 
altogether eight different sheep in some of whose salivary glands the 
zymogen was found. 
When this investigation was first undertaken we had what seemed 
to us the good fortune to meet with a  number of successful experi- 
ments.  This was so inspiring that we probably failed at the time to 
appreciate the full significance of such negative results as were met 
with.  We did not really get out of this mental rut until the research 
had reached a point where we were obliged to leave it for a time on 
account  of  other  occupations.  Despite  the  danger  of  the  method 
employed, since the brief use of even one per cent acetic acid may 
injure  ptyalin  and  ptyalinogen,  and  since  this  danger  is  probably 
greater when the amount of the ferment is small, the results seem to 
us to demonstrate beyond question that a zymogen exists in many sali- 
vary glands.  Our  observations sho~  this convincingly for the dog, 
cat and sheep, and less clearly for the ox.  The negative results for 
the pig~ opossum and rat may be due in part to insufficient material and 
in part to the method which we have employed. 